Abstract
INTRODUCTION
As a severe systemic response to infection, sepsis is often accompanied by multiple organ dysfunction syndrome (MODS) . Recent studies [1] [2] [3] [4] have reported that immune disorders might play a vital role in the development of sepsis, and these disorders (immune excess or suppression) are closely related to T lymphocytes during both the early and late phases of sepsis. In addition to Th1 and Th2 lymphocytes, the roles of Th17 and Treg lymphocytes (which are also differentiated from CD4+ T cell subsets) in sepsis have been clarified gradually [5, 6] . Mature Th17 cells cause a pro-inflammatory response, mainly by secreting IL-17 and IL-6, whereas Treg cells exert anti-inflammatory effects by secreting TGF-β and IL-10. The imbalance of Th17/Treg cells has been confirmed to be associated with sepsis and various inflammatory diseases [1, 3, 6] . It was reported that Th17 cells could be activated by another cytokine, IL-23 (belonging to the IL-12 family), which then increased the secretion of IL-17, forming a positive feedback loop [7, 8] . This positive feedback loop of the IL-23/IL-17 axis has considerable roles in the progression of infection, cancer, and inflammatory bowel disease. Therefore, improving the imbalance of the Th17/Treg cells and the IL-23/IL-17 axis might be a valuable strategy for the treatment of sepsis.
As an essential therapeutic measure for sepsis, enteral nutrition (EN), especially early EN (EEN), can modulate the inflammatory response, improve immune dysfunction, and prevent enterogenic infection in critically ill patients [9] [10] [11] ; however, the precise mechanisms remain unclear. Considering the important roles of Th17 and Treg lymphocytes in the development of inflammatory and infectious diseases, we hypothesized that EN could improve the immune dysfunction in sepsis by maintaining a balanced Th17/Treg cell ratio and by regulating the IL-23/IL-17 axis. Our previous retrospective study [12] also confirmed that EEN could improve the imbalance of Th1/Th2 and Th17/Treg cell ratios during the early stage of sepsis. However, it is unclear how EN affects the IL-23/IL-17 axis in septic patients. Moreover, due to the limitations of retrospective studies, a prospective clinical trial is still needed to verify our conclusions. Therefore, we hypothesized that EEN could decrease the Th17/Treg cell ratio and regulate the IL-23/IL-17 axis in septic patients, and this prospective randomized clinical study was performed to verify our hypothesis.
MATERIALS AND METHODS

Study design
This was a prospective, single-center, and randomized clinical trial. Patients were randomly allocated to receive EEN or delayed EN (DEN) on admission. We used the simple randomization or complete randomization, which was based on the remainder grouping method of random numbers. After generating random numbers with a computer, the remainder grouping method (divided by two) was performed to decide which group (EEN or DEN) the patients would be assigned into. The treatment allocation was concealed before a patient was included in this study, and patients would not be removed from the study after treatment allocation became known. The main intervention difference of the two groups was the initial time of enteral feeding, therefore, it was not possible to blind treating physicians to the treatment allocation. The inclusive patients were blind to the treatment allocations. Therefore, this is a single-blind clinical trial. The sample size was calculated with the Power Analysis and Sample Size software (2011) before our study started; however, considering the small sample size of this study, we defined our trial as a prospective pilot study. The study protocol was approved by the Institutional Ethics Committee of Nanjing First Hospital (Approval Number: KY20170921-02), and informed consent was obtained from each patient's first-degree relatives. This study was also registered at Clinical Trials.gov (ID: NCT03385850). Participation in the study did not necessitate any changes in treatment. Figure 1 shows the flow diagram of the participants.
Patients
From October 2017 to June 2018, all adult patients (age 18-70 years) admitted into the intensive care unit (ICU) of Nanjing First Hospital with a diagnosis of sepsis were included in this prospective clinical study. The diagnostic criteria for sepsis were in accordance with the surviving sepsis guidelines [13, 14] . Patients with ileus or digestive tract hemorrhage, inflammatory bowel disease, severe abdominal hypertension (intraabdominal pressure > 25 mmHg), chronic organ dysfunction (e.g., hepatic or renal dysfunction), malnutrition, or immunodeficiency, and patients with a history of longterm use of hormones were excluded. All patients received specialized treatments for sepsis as needed, including antimicrobial therapy, fluid resuscitation, vasopressor administration, oxygen administration, mechanical ventilation (MV), glucose control, and renal replacement therapy.
Nutrition protocols
Before EN began, a nasogastric or nasojejunal feeding tube (size 10F, Flocare, Nutricia Ltd) was placed as needed. The nasojejunal tube was inserted using our novel method of blind bedside post-pyloric placement [15] . In the EEN group, enteral feeding was initiated within the first 24-48 h, whereas in the DEN group, enteral feeding was initiated on the 4th day after admission. A peptide-based formula (Peptisorb, Nutricia Ltd) was used in the first 24-48 hours, and if the patients were tolerant, whole protein formula (Nutrison Fibre, Nutricia Ltd) was used subsequently [11, 12] . The goal intake was defined as 20-25 kcal/kg/day, and the protein need was defined as 1.2-2.0 g/kg/day [10] . The feeding rate was started at 15-20 mL/h and increased by 15-20 mL every 6-8 h. If patients were intolerant because of abdominal distension, diarrhea, or high gastric residual volume (>500 mL), we diluted the feeding concentration, slowed down the feeding rate, or used prokinetic agents.
Parenteral nutrition (PN) was supplemented if the enteral feedings alone could not meet > 60% of the energy and protein requirements after 7 d [10] . The caloric intake of PN was defined as 20-25 kcal/kg/day, and the calorie/nitrogen ratio was defined as 120-150:1. Fifty to seventy percent of the total energy intake was provided by glucose, whereas the supply of lipids was based on serum triglyceride levels. Moreover, sufficient insulin, electrolytes, vitamins, and trace elements were also added.
Data collection
On admission, the baseline data, including sex, age, body-mass index, and the etiology of sepsis, were collected. The acute physiology and chronic health evaluation II (APACHE II) scores and sequential organ failure assessment (SOFA) scores were recorded on days 1, 3, and 7 after admission. Meanwhile, white blood cell (WBC) count (10 9 /L), hemoglobin (g/L), total bilirubin (umol/L), and albumin (g/L) levels in peripheral blood were also recorded. The Th17 and Treg lymphocyte percentages, IL-17, IL-23, IL-6 and IL-10 levels in peripheral blood were tested on days 1, 3, and 7 after admission. Th17 and Treg lymphocytes were measured by flow cytometry. After human peripheral blood mononuclear cells were isolated, the proliferation analysis of Th17 cell subpopulations was performed by using a BD PharmingenTM Human Th17 Phenotyping Kit (BD Biosciences, United States), and the Treg cell subpopulation was detected by using CD4 (antigen presenting cells), CD25 (PE), and Foxp3 (Fluorescein isothiocyanate)-labeled antibodies (e-Bioscience, United States). Serum IL-17, IL-23, IL-6, and IL-10 cytokines were detected with commercially available Human Quantikine enzyme-linked immunosorbent assays (ELISA) kits (R and D Systems, Bio-Techne Corporation, United States) according to the manufacturer's instructions. The sensitivity of ELISA kits was 15 pg/mL for IL-17, 16.3 pg/mL for IL-23, 0.7 pg/mL for IL-6, and 3.9 pg/mL for IL-10. The assay range of ELISA kits was 31.2-2000 pg/mL for IL-17, 39.0-2500 pg/mL for IL-23, 3.1-300 pg/mL for IL-6, and 7.8-500 pg/mL for IL-10. In addition, clinical outcome variables including the 28-d mortality, days in the ICU, days of MV, and the number of patients receiving continuous renal replacement therapy (CRRT) were also recorded.
Statistical analysis
The Kolmogorov-Smirnov test was first performed to test the normal distribution of the data. Normally distributed data are expressed as the mean ± standard deviation and were compared by t-tests. Abnormally distributed data are expressed as medians (interquartile ranges) and were compared by the Mann-Whitney U test or KruskalWallis test. Categorical variables are presented as absolute numbers or percentages and were analyzed using the χ2 test or Fisher's exact test. Survival curves for up to 28 d after admission were generated using the Kaplan-Meier method and were compared by the log-rank test. IBM SPSS software (version 22.0, NY, United States) was used for statistical analyses, and P < 0.05 was considered statistically significant. To take into account the repeated nature of variables, analysis of variance (ANOVA) for repeated measurements of the general linear model was implemented. The statistical methods of this study were reviewed by Qiao Liu, a biostatistician from the Center for Disease Control and Prevention of Jiangsu Province in China.
RESULTS
As shown in Figure 1 , a total of 53 septic patients were enrolled in this randomized clinical trial during the study period. Of these patients, 26 received EEN and 27 received DEN. The demographic data and clinical parameters of the patients on admission are presented in Table 1 . Seven (13.2%) patients received CRRT, and 10 (18.9%) patients died of MODS or infectious complications during the hospital stay (within 28 d). T lymphocyte percentages Figure 2 shows the difference in the Th17 and Treg lymphocyte percentages and the Th17/Treg cell ratios between the two groups on days 1, 3, and 7 after admission. As shown in Figure 2A , patients in the EEN group had a significantly lower Th17 cell percentage on the 7th day (P = 0.002) after admission compared to that in the DEN group. Similar results were also found for the Th17/Treg cell ratios (P = 0.01) ( Figure  2C ). However, no significant difference in the Treg cell percentages was found during the 7 d after admission (P > 0.05) between the two groups ( Figure 2B ). Figure 3 shows the difference in the serum IL-17 and IL-23 levels and IL-23/IL-17 ratios between the two groups on days 1, 3, and 7 after admission. As shown in Figure  3A , patients in the EEN group had a significantly lower IL-17 level on the 7th day (P = 0.01) after admission compared to that of the DEN group. Similar results were also found for the IL-23 levels (P = 0.016) ( Figure 2B ). No significant difference in the IL-23/IL-17 ratios was found during the 7 days after admission between the two groups (P > 0.05) ( Figure 3C ), and the results indicated that the expression of the members of the IL-23/IL-17 axis was simultaneously suppressed in both groups. Figure 4 shows the difference in serum IL-6 and IL-10 levels between the two groups on days 1, 3, and 7 after admission. As shown in Figure 4A , patients in the EEN group had a significantly lower IL-6 level on the 7th day (P < 0.001) after admission compared to that in the DEN group. However, no significant difference in the IL-10 levels was found during the 7 d after admission (P > 0.05) between the two groups ( Figure 4B ). Table 2 shows the difference in the clinical severity variables between the two groups during the ICU stay. The APACHE II and SOFA scores of the EEN group were significantly lower than those of the DEN group on the 7th day (P < 0.05). The duration (days) of MV and ICU stay of the EEN group were also significantly shorter than those of the DEN group (P < 0.05). However, no significant difference in the number of patients receiving CRRT was found between the two groups (4/26 vs 3/27, P = 0.704).
Cytokines
Clinical severity variables
The effects of EEN on WBC counts, hemoglobin, total bilirubin, and albumin levels were also investigated, and we found that EEN had a tendency of decreasing WBC count (9.57 ± 3.12 vs 12.03 ± 5.53, P = 0.051) and total bilirubin (14.04 ± 11.06 vs 20.14 ± 18.21, P = 0.146) on the 7th day after admission. Moreover, EEN also had a tendency of increasing albumin level (33.51 ± 3.75 vs 31.47 ± 3.82, P = 0.055) on the 7th day after admission. No similar tendency on hemoglobin (106.73 ± 16.53 vs 105.56 ± 23.60, P = 0.835) was found during the 7 d after admission between the two groups. It may be part of the reasons why EEN can decrease APACH II and SOFA scores on 7th day after admission.
During the 28 d of admission, 4 (15.4%) of 26 patients in the EEN group and 6 (22.2%) of 27 patients in the DEN group died of MODS or infectious complications. As shown in Figure 5 , no difference in the 28-d mortality was found between the EEN 
DISCUSSION
This prospective clinical pilot study investigated the effects of EEN on the Th17/Treg cell ratios and the IL-23/IL-17 axis in septic patients. We found that EEN could decrease the Th17 lymphocyte percentages, Th17/Treg cell ratios, serum IL-17, IL-23, and IL-6 levels and could thus suppress the immune overactivation during the early stage of sepsis. Moreover, EEN could improve the clinical disease severity but could not reduce the 28-d mortality of septic patients.
Despite the fact that the surviving sepsis guidelines recommended a series of therapeutic methods to treat sepsis, its mortality is still approximately 20%-50% in adults [13, 14] . Previous studies have shown that immune dysregulation plays an important role in the development of sepsis, and T lymphocytes, especially Th17 and Treg cells, are the main mediators of this dysregulation [2, 5, 6] . Li et al [2] found that the Th17/Treg cell ratios were reduced in septic patients, and Wu et al [4] reported that higher Th17 differentiation was associated with lower mortality in sepsis. Therefore, the imbalance of Th17/Treg cells is considered a crucial pathogeny of sepsis [1, 3, 6] . An animal study [5] showed that Xuebijing injection (a Chinese herbal medicine) regulated the balance of Treg and Th17 cells and improved survival in septic shock. Another clinical study [6] reported that the Th17/Treg cell imbalance in sepsis patients could be attenuated by high-volume hemofiltration. However, no consensus has been reached on how to modulate the imbalance of Th17/Treg cells. Our previous retrospective study [12] revealed that EEN could improve the imbalance of Th17/Treg cell ratios during the early stage of sepsis, and this prospective study also supported this conclusion. These findings provide a new and easier strategy for treating the imbalance of Th17/Treg cells.
However, the percentage of T lymphocytes is not representative of their function. T cells trigger an inflammatory response mainly by secreting relevant cytokines. Th17 cells mainly express the pro-inflammatory factors IL-17 and IL-6, whereas Treg cells mainly express anti-inflammatory factors such as TGF-β and IL-10. Accordingly, we compared the difference in the serum IL-17, IL-6, and IL-10 levels between the EEN and DEN groups, and we found that EEN could decrease the IL-17 and IL-6 levels but not the IL-10 levels during sepsis compared to those of the DEN group. The results indicated that EEN ameliorated immune dysfunction by preventing the release of proinflammatory cytokines, but it did not increase the release of anti-inflammatory cytokines during the early stage of sepsis. This conclusion is in accordance with our previous study [11] . Moreover, previous studies showed that Th17 lymphocytes could be activated by IL-23 and increase the secretion of IL-17 in a positive feedback loop [7, 8] . This positive feedback loop of the IL-23/IL-17 axis could promote the acute inflammatory reaction and the progression of infectious disease. Cauvi et al [7] reported that the increased activation of the IL-23/IL-17 pathway had detrimental effects on sepsis-induced lung inflammation. Another study [8] suggested that the determination of the preoperative Th17 cytokine (IL-23 and IL-17) mRNA levels might be useful for predicting the development of sepsis after radical cystectomy. Therefore, monoclonal antibodies that target IL-23 or IL-17 have been tested for the treatment of sepsis [16, 17] ; however, no consensus has been reached because of the conflicting results of the experiments and clinical studies. In this study, we found that EEN could decrease the serum IL-17 and IL-23 levels during the early stage of sepsis. Our findings indicated that EEN might improve the immune dysfunction in sepsis by regulating the IL-23/IL-17 axis.
The intestinal tract is considered to be an important immune organ [18] . Recent studies have reported that the gut immune function was closely associated with enteral feeding, and a lack of enteral stimulation could lead to immune imbalance [19, 20] . Our previous trials also found that EEN could improve the immune imbalance of patients with sepsis or severe acute pancreatitis [11, 12] , but the underlying mechanisms were still not clear. In this study, we explored the potential mechanisms of the regulation of immune function by EEN by examining T lymphocytes and the IL-23/IL-17 axis in sepsis. We found that EEN improved the imbalance of the Th17/Treg cell ratios and suppressed the IL-23/IL-17 axis in sepsis compared to those of the DEN group. To the best of our knowledge, this is the first randomized clinical study to investigate the relationship between EEN and the IL-23/IL-17 axis in septic patients, and our results might provide a new mechanism by which EEN improves immune imbalance, as well as provide a new and easier strategy for treating the immune imbalance in sepsis.
In addition, the present study also compared the difference in the clinical outcome variables between the EEN and DEN groups. We found that EEN could reduce the duration of MV and ICU stay, as well as the APACHE II and SOFA scores, but not the 28-d mortality of septic patients compared to those of the DEN group. The results indicated that EEN can suppress the immune overactivation and improve the clinical disease severity during the early stage of sepsis. However, the main intervention difference of the two groups was the initial time of enteral feeding in this study, thus patients would receive same treatments (especially enteral nutrition) for sepsis after the acute stage. Therefore, no difference about the mortality was observed on the 28th day after admission. Moreover, this discrepancy occurred probably because this small sample trail was not powered to detect a difference in mortality. The conclusions are in accordance with previous studies [12, 20] . Several limitations of this study should be discussed. Due to the single-center design and small sample size, our results might be unable to provide reliable conclusions, and the accuracy of these results should be examined with large-scale clinical studies. Moreover, because this study was not based on pathophysiological models, the precise mechanisms of EEN on the Th17/Treg cell ratios and IL-23/IL-17 axis should be examined by future basic science investigations. Finally, because our immune variables were only recorded for one week, the later effects of EEN on sepsis should be studied with further clinical trials.
In conclusion, our clinical pilot study found that EEN could improve the imbalance of the Th17/Treg cell ratios and suppress the IL-23/IL-17 axis during the early stage of sepsis. Moreover, EEN could reduce the clinical severity but not the 28-day mortality of septic patients. Further basic experiments or large-scale randomized controlled trials are needed to validate our results. 
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The imbalance of Th17/Treg cells and IL-23/IL-17 axis have been confirmed to be associated with sepsis and various inflammatory diseases. Early enteral nutrition (EEN) can modulate the inflammatory response, improve immune dysfunction, and prevent enterogenic infection in critically ill patients; however, the precise mechanisms remain unclear. Therefore, we hypothesized that EEN could improve the immune dysfunction in sepsis by maintaining a balanced Th17/Treg cell ratio and by regulating the IL-23/IL-17 axis.
Research motivation
The aim of this study was to test the hypothesis that EEN could improve the immune dysfunction in sepsis by maintaining a balanced Th17/Treg cell ratio and by regulating the IL-23/IL-17 axis.
Research objectives
The main objective of this prospective clinical trial was to investigate the effects of EEN on Th17/Treg cell ratios and IL-23/IL-17 axis in septic patients.
Research methods
In this prospective clinical trial, patients were randomly divided into an EEN or delayed enteral nutrition (DEN) group. Enteral feeding was started within 48 h in the EEN group, whereas enteral feeding was started on the 4th day in the DEN group. The Th17 and Treg cell percentages and the interleukin levels were tested on days 1, 3, and 7 after admission. The clinical severity and outcome variables were also recorded.
Research results
Fifty-three patients were enrolled in this trial from October 2017 to June 2018. The Th17 cell percentages, Th17/Treg cell ratios, IL-17, IL-23, and IL-6 levels of the EEN group were significantly lower than those of the DEN group on the 7th day after admission (P < 0.05). The duration of mechanical ventilation and of the intensive care unit stay of the EEN group were significantly shorter than those of the DEN group (P < 0.05). However, no significant difference in the 28-d mortality was found between the two groups (P = 0.728).
Research conclusions
EEN could regulate the imbalance of Th17/Treg cell ratios and suppress the IL-23/IL-17 axis during sepsis. Moreover, EEN could reduce the clinical severity of sepsis but did not reduce the 28-d mortality of septic patients.
Research perspectives
More large-scale clinical studies and basic science investigations should be performed to test the accuracy of our results in future.
